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A B S T R A C T  
In this paper, we compare cannibalism in chimpanzees, modern humans, and in archaeological cases 
with cannibalism inferred from evidence from the Early Pleistocene assemblage of level TD6 of Gran 
Dolina (Sierra de Atapuerca, Spain). The cannibalism documented in level TD6 mainly involves the 
consumption of infants and other immature individuals. The human induced modifications on Homo 
anrecessor and deer remains suggest that butchering processes were similar for both taxa, and the 
remains were discarded on the living floor in the same way This finding implies that agroup of hominins 
that used the Gran Dolina cave periodically hunted and consumed individuals from another group. 
However, the age distribution of the cannibalized hominins in the TD6 assemblage is not consistent with 
that from other cases of exo-cannibalism by human/hominin groups. Instead, it is similar to the age 
profiles seen in cannibalism associated with intergroup aggression in chimpanzees. For this reason, we 
use an analogy with chimpanzees to propose that the TD6 hominins mounted low-risk attacks on 
members of other groups to defend access to resources within their own territories and to try and 
expand their territories at the expense of neighboring groups. 
Introduction 
The cannibalism that occurred in Gran Dolina's level TD6 (Sierra 
de Atapuerca. Eurgos. Spain) has been dated to over 800 thousand 
years ago (ka). The current hypothesis to explain the cannibalism 
identified at TD6 during the Early Pleistocene is that a group of 
hominins periodically hunted individuals from another group. 
focusing mainly on younger or more defenseless individuals, in 
a kind of exo-cannibalism scenario (Carbonell et al.. 2010). In this 
paper, we review cases of cannibalism among chimpanzees and 
modern humans as well as those documented in some 
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archaeological settings, and explore the hypotheses proposed for 
the behavior in each case. We also present an empirical taphonomic 
study of the hominin and deer bone assemblages from TD6 and 
look into the relationships between the age distribution of the 
individuals from TD6, other cases of cannibalism, and cannibalism 
in chimpanzees. We compare the available data with the results 
from TD6 and propose new hypotheses concerning this case in 
particular and human cannibalism in general. 
The use of actualistic analogies as the basis for hypotheses plays 
a key role in any attempt to understand archaeological evidence. 
Comparative research carried out among communities of modern 
hunter-gatherers and on non-human species helps to inform our 
interpretations of zooarchaeological assemblages. 
The cultural and non-cultural causes and effects of different 
processes on the formation of zooarchaeological assemblages tend 
to be regular, because specific formation processes are determined 
by specific causal variables, and the effects of certain processes lead 
to the regular and foreseeable modifications of fauna1 remains historically documented cases to formulate causal hypotheses, but 
(Schiffer, 1987). The study of prehistoric cannibalism has two testing these with Pleistocene assemblages is difficult, especially 
different but related obiectives: to determine whether skeletal given the limitations of analogies between modern humans and 
- - 
remains truly show evidence of cannibalism in specific cases, and to extinct hominins, who had very different social and subsistence 
determine the cause of verified cases. Cannibalism is identified in svstems. Historical or sub-modern cannibalism has taken olace in 
archaeological assemblages through the documentation of cultural 
modifications that are typically associatedwith the practice, like the 
presence of cut marks on hominin bones, signs of intentional 
breakage and the thermo-alterations of bones (Turner 11.1983; Villa 
et al.. 1986; White. 1992; Turner I1 andTurner, 1992.1999; Eoulestin. 
1999; Fernindez-Jalvo et al.. 1999; Hurlbut. 2000; Rosas et al.. 2006; 
Ciceres et al.. 2007). The similarities between the signs of canni- 
balism and the effects of the butchering of other animals allow 
cannibalism events to be differentiated from damage due to muti- 
lations, injuries, sacrifices, funerary rituals, or other causes (White. 
1986; Hurlbut. 2000; Pickering et al.. 2000). Modifications found on 
remains and the contexts in which they are found enable us to 
identify the actions to which the remains were subjected, but not 
always the causes of those actions. It is therefore important to 
proceed with caution before reaching any firm conclusions, as 
structured societies within contexts of great social and religious 
complexity (Sanday, 1986). The ontological system of early homi- 
nins, if one even existed, is totally unknown to us, which makes 
drawing analogies based only on the behavior of modern humans 
a risky undertaking. 
Comparative research with chimpanzees provides another line 
of inquiry into the behavior of early hominins. Chimpanzees have 
provided insights into the evolution of hominin diets and social 
relationships, and their behavior is relevant to understanding the 
evolution of intra- and intergroup violence in humans (e.g.. Teleki. 
1973; Goodall. 1979. 1986; Nishida et al.. 1979; Eoesch. 1994; 
Stanford. 1995. 1996. 1998. 2001; Eackwell and d'Errico. 2001; 
Mitani and Watts. 2001; Eoesch et al.. 2002; Fruth and Hohmann. 
2002; Wrangham et al.. 2006; Mitani et al.. 2010; Wilson et al.. 
2012). Lethal intergroup violence is well documented in chim- 
. , 
Human cannibalism in archaeological contexts is identified by 1982; Stanford. 1995; Arcadi and Wrangham. 1999; Newton- 
means of zooarchaeological and taphonomic criteria. Turner I1 Fisher, 1999; Wrangham. 1999; Watts and Mitani. 2000; Watts 
(1983) and Turner I1 and Turner (1999) present different indica- et al.. 2002. 2006; Wilson et al.. 2004; Wrangham et al.. 2006; 
tors to establish the existence of cannibalism, including: 1 )  the full Sherrow and Amsler, 2007). 
or almost full disarticulation of the skeleton. 2) a high degree 
anthropogenic bone breakage. 3) high frequency of cut marks Violence and cannibalism in chimpanzees 
related to dekleshing. 4 )  other modifications associated with 
cooking the remains. Both intra-community and inter-community violence is 
The causes of human cannibalism have been cataloged, a common occurrence in chimpanzees, and males are the main 
- 
survival cannibalism, warfare cannibalism and mortuary canni- 
balism. These are further classified as either exo- or endo- 
cannibalism, depending on the origin of the people consumed 
(Table 1). All of these distinctions attempt to discover why humans/ 
hominins have been cannibals, under what circumstances and in 
what contexts they have engaged in the practice, and the relation- 
ship between the consumers and consumed. The study of ethno- 
graphic, ethno-historical and historical cases has revealed that it is 
a highly complex form of behavior, always surrounded by 
symbolism, rituals or emotions (compassion, respect, love, violence. 
contempt. hate. etc.) (Sanday, 1986; Conklin. 1995.2001; Goldman. 
1999; Kantner, 1999; Pickering. 1999; Vil i~a.  2000; Fausto. 2007). 
with no single, uniform explanation. We can use ethnographically or 
Table 1 
Clarrification of human cannibalirm. 
Wrangham. 1999; Newton-Fisher. 1999; Wrangham. 1999; Watts 
and Mitani. 2000; Watts et al.. 2002. 2006; Wilson et al.. 2004; 
Wrangham et al.. 2006; Sherrow and Amsler. 2007). Relationships 
between communities are hostile and encounters near community 
boundaries can involve serious, potentially lethal aggression. 
Encounters occur more frequently when an abundant supply of 
food attracts groups from both sides of a territorial boundary 
(Wilson et al.. 2012). Lethal aggression sometimes occurs in the 
form of infanticide. Female chimpanzees often travel alone with 
their young or in small groups of females with their offspring. 
which makes them more vulnerable to the attacks of extra- 
community males (Goodall. 1986; Sherrow and Amsler, 2007). 
However, in most documented cases, the attackers generally only 
Cla~~ification by the 
purpose of the conrumption 
Mortuary cannibalism 
Warfare cannibalism 
Sunrival cannibalism 
Nutritional cannibalism 
Type of clarrification Categories Particularities 
Cla~~ification by the origin of Exo-cannibalism - Consumption of outriders. 
the consumed individuals - Human remains are treated the same way ar the remains of other animals. 
Endo-cannibalism - Consumption of individuals from the same group. 
- It can be caused for rearonr of respect for the deceased, ater ritual sacrificer or in 
contexts of social and political control. 
- RiNal treament of remainr. 
- Conrumption of individuals from the same group. 
- RiNal treament of remainr. 
- Conrumption of enemies (mainly young and adult males). 
T r o p h y  body can be collected. 
T h e r e  may be a ritual treament of the bodier or they can be treated ar rubbish. 
- Conrumption ofweaker individuals (infantr, old and rick). 
- Moral prejudices can cause non-intensive conrumption of bodier. 
- Functional rearonr (nutritional). 
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kill the infants and either frighten away the females or allow them 
to escape once they succeed in taking the infants. lnfanticide 
among chimoanzees is often followed bv cannibalism iGoodall. 
- 
1977; Norikoshi. 1982; Arcadi and Wrangham 1999; Newton- 
Fisher, 1999; Wilson and Wrangham. 2003; Wilson et al.. 2004; 
Sherrow and Amsler. 2007). 
Several hypotheses have been suggested to explain inter- 
community attacks and infanticide (Table 2). The first of these, 
the sexual selection hvoothesis, relates the death of the offspring 
with an increase in the bossibility of males mating by inducing the 
mother of the victim to emigrate to their communitv to mate with 
males of the attacking group (Nishida et al.. 1979; Arcadi and 
~~ ~ 
Wrangham. 1999). However, instances of infanticide rarely or 
never increase the reoroductive success of the oarticioating males 
. - 
in chimpanzees (Arcadi and Wrangham, 1999; Wilson et al., 2004; 
Sherrow and Amsler, 2007). 
The second proposal is the rival coalition reduction hypothesis. 
Under this scenario, the attackers reduce the resistance of neigh- 
boring communities to coalitions so that males can eliminate future 
rivals (Takahata. 1985; Arcadi and Wrangham, 1999; Newton- 
Fisher. 1999). But since both female and male infants have been 
targeted. there is no evidence to suooort the idea that males benefit 
. . 
from infanticide by eliminating future competitors (Arcadi and 
Wrangham. 1999) and this does not explain the attacks on 
females, as they do not play a significant part in the fighting 
between groups (Watts et al.. 2006). 
A third explanation is the resource competition/defense or 
range expansion hypothesis, which proposes that the attacks are 
made to frighten away or eliminate competitors for food resources 
(Goodall. 1977; Takahata. 1985; Eoone. 1991; Watts and Mitani. 
2000; Watts et al.. 2002). The hypothesis suggests that aggression 
~ ~ ~ ~ 
would occur in areas where food is abundant and where encoun- 
ters with others are highlv likelv 1Mitani et al.. 2010; Wilson et al.. 
- .  .. 
2012). For example, two infanticides (accompanied by cannibalism) 
recorded by Watts et al. (2002) occurred at a time and in an area 
with an abundance of resources. Wilson et al. 12012) also oroved 
that chimpanzees are more likely to respond aggressively when 
defendine abundant food sources. estrous females or voune infants. 
which are vulnerable to infanticide attack by foreign males. 
Another hypothesis that has been put forward is that an 
imbalance of power based on the size of territorial boundary 
patrols can predict the possibilities that one group will attack 
another (Manson and Wrangham. 1991; Wrangham. 1999; Sherrow 
and Amsler, 2007). If the attacking group is large, the members of 
that group are not usually wounded, which means that the attacks 
have a low cost. Taken with this, infanticides also indirectly support 
the range expansion hvoothesis, as the victims who survive the 
. . . . 
attacks (generally the mothers) flee from the border areas between 
the ranees of each communitv isherrow and Amsler 2007). 
~ 
The imbalance of power hypothesis explains the conditions 
under which intergroup aggression occurs but not its causes or its 
function. The main cause of encounters between neighboring 
groups is the distribution and abundance of food resources. Several 
possible functions of attacks between neighboring groups of 
chimpanzees have been proposed, including gaining power and 
creating alliances, recruiting fertile females and acquiring greater 
catchment areas (Nishida et al.. 1979; Wrangham. 1999; Williams 
et al.. 2004; Eoesch. 2009; Mitani et al.. 2010; Wilson et al.. 
2012). These three functions are interrelated, as the acquisition of 
territorv orovides greater access to food. mates and fertile females 
. . 
(Wilson et al.. 2012). From this perspective, the best explanation for 
- ~ 
intergroup aggression and in turn, infanticide, is the range expan- 
sion hvoothesis and the defense of food resources. Whether or not 
. . 
encounters result in an aggressive response depends on whether 
the attackers have greater numerical strength. 
lntragroup infanticide and cannibalism has also been docu- 
mented on several occasions (Goodall. 1977, 1986; Norikoshi. 
1982; Nishida and Kawanaka. 1985; Nishida. 1994; Wrangham. 
1999; Wrangham et al.. 2006). In these cases. the chimpanzees 
responsible for the deaths are also generally adult and young 
adult males (Norikoshi. 1982). However, females are occasionally 
as aggressive as males in two contexts: aggression toward 
immigrating females and aggression toward females of the same 
community when they have just given birth (Pusey et al.. 2008). 
For example. Goodall (1977) observed a case in which a female 
and her daughter killed and ate infants from their own group on 
three seoarate occasions. 
The distinguishing characteristics of intragroup cannibalismare 
that the victims are between 0.5 and three months old and that. 
after death, the babies are consumed and their meat is shared 
among a number of individuals, which may include other females 
(Nishida and Kawanaka. 1985). 
Table 2 
Features of inter and inoaerouo violence in communitier of chimoanzeer and hvootherer about its causes. 
Inter-communiy violence (Goodall, 1977, 1986: Nirhida et al., 1979: 
Takahata, 1985: Newton-Fisher, 1999: Wrangham, 1999: Wattr and 
Mitani, 2000: Wattr et al., 2002, 2006: Wilron et al., 2004: 
Wraneham et al.. 2006: Sherrow and Amrler. 20071 
Intra-communiy violence (Goodall, 1977, 1986: Nirhida and Kawanaka, 
1985: Nirhida, 1994: Wrangham, 1999: Wrangham et al., 2006) 
Properties 
Aggrerrorr are mainly young and adult maler. 
Victimr are of neighboring communitier. 
Attacks occur in border areas of overlapping communitier. 
Victimr are of both rexer and different ages, but mainly are attacked 
extra-communiy femaler, killing her infantr. 
Infanticide is accompanied by cannibalism. 
The inoa-communiy femaler can participate in the conrumption and 
the meat is rhared. 
Hypothesis 
The sexual selection hypotherir (Nirhida et al., 1979: Arcadi and 
Wrangham 1999). 
The rival coalition reduction hypotherir (Arcadi and Wrangham, 1999: 
Newton-Fisher, 1999). 
The 'killers' are mainly maler, but there have been carer of femaler. 
Infanticide is accompanied by cannibalism (infants between 0.5 and 
three months of age). 
The femaler can participate in the conrumption and the meat is rhared. 
'Within-communiy dominance drive' hypotherir (Goodall, 1986: Nirhida, 1994: 
Wrangham, 1999). 
Extension of betweengroup male cannibalism (Nirhida and Kawanaka, 1985). 
Sherrow and Amrler, 2007). 
To explain acts of aggression and violence among individuals of 
~ ~ 
the same group, the within-community dominance drive hypoth- 
esis has been proposed, which states that aggression patterns occur 
. . -- 
within dominance hierarchies (Wrangham. 1999). This would 
explain cases where subordinates attack the dominant individuals 
if they show any sign of weakness (Norikoshi. 1982). 
One observation that has been made in cases of infanticide is 
that in some cases, mothers were recent immigrants, and there- 
fore within-community cannibalism could be an extension of 
between-group cannibalism (Norikoshi. 1982). In addition. 
Norikoshi (1982) also observes later sexual exchanges between 
the victim's mother and some of the males who took part in the 
cannibalism episode. 
Of all the hypotheses that have been reviewed, only the sexual 
selection hypothesis gives a specific explanation for infanticide. 
and none of them provide any insight into why the attackers go on 
to consume their victims. In fact, cannibalism mav be driven bv 
purely nutritional reasons (Watts. Personal communication). 
Cannibalism and the capture and consumption of other mammals 
have certain similarities. Chimpanzees regularly hunt and eat 
a wide variety of other mammal species, but their most common 
prey is red colobus monkeys. Data on hunting and meat 
consumption have been collected at multiple sites (e.g.. Teleki. 
1973; Eoesch. 1994; Stanford. 1996. 2001; Mitani and Watts. 
2001; Eoesch et al.. 2002; Watts et al.. 2002; Watts. 2008; 
Gomes and Eoesch. 2009). The hunting tactics of different chim- 
panzee communities may include solitary hunting, but group 
hunting is more common. The males usuallv catch and kill the prev 
and share the meat with other individuals, even if they havh nit 
taken Dart in the hunt (Teleki. 1973: Eusse. 1978: Eoesch. 1994: 
Stanford. 1996. 1998; Mitani and Watts. 2001; Watts et al.. 2002; 
Gilby. 2006; Gilby and Connor, 2010). This is also what occurs in 
most cases of infanticide and cannibalism. The manner in which 
chimpanzees consume red colobus monkeys and infant chim- 
panzees is essentially the same: both taxa are treated as food 
(Watts. Personal communication). 
Ethno-historical cannibalism 
The exploration of ethnographic sources as a means to analyze 
cannibalism within the context of known cultural svstems can give 
rise to very useful information. Kantner (1999) analyzes 35 cases at 
different historical times, involving behavior that might cause 
serious perimortem damage. He concludes that cannibalism might 
- - 
occur (although not necessarily) in three different contexts: 1 )  
during the preparation of the deceased. 2) during periods of famine. 
and 3) for purposes of war and social control. 
. . .  
Funerary preparation of the deceased and survival cannibalism 
in times of famine mav share certain taohonomic characteristics. 
although the final deposition of the remains differs. Bodies sub- 
.
jetted to mortuary cannibalism are typically buried without being 
mixed with other remains. whereas in the cases of cannibalism 
occurring during famine the remains are sometimes mixed with 
remains from other taxa. Victims of survival cannibalism are usually 
weak. young and old individuals (Kantner, 1999). The known 
historical cases of survival cannibalism occurred mostly within 
a limited time period and affected a small number of consumed 
individuals (see, for example. Rautman and Fenton. 2005). 
Twenty-three of the 35 cases reviewed by Kantner (1999) 
occurred in contexts of inter- or intragroup violence. In some 
cases, certain parts of the body (hands, feet, scalp or heads) were 
removed as war trophies. The skeletal remains exhibit serious 
oerimortem trauma to the limbs and skull (Kantner. 1999: Turner I1 
and Turner, 1999; Hurlbut. 2000; Rautman and Fenton. 2005; 
Potter and Chuipka. 2010). The victims were usually male adults 
who were not subjected to special burial practices and who were 
buried collectively in some cases. 
After analvzing 15 societies in which cannibalism has been 
. - 
documented. Sanday (1986) claims that the custom is articulated 
within an understandine of the world. life. death. re-birth and the . . 
supernatural, and in general, within the whole social, religious and 
cultural life of the people who practice it. One example is Conklin's 
study (1995. 2001) of funerary cannibalism among the Wari 
(Brazil), which can be understood as an act of compassion that 
honored the deceased. McCallum (1996) also describes the group 
cannibalism of the Pano Kaxinawi as an act of love. compassion and 
. . 
self-protection, which participants believe facilitates the rapid 
release of the deceased person's body and soul. In reality, canni- 
balism mav be reiected in some societies as a whollv 'immoral' 
custom, while conversely, in other societies it may be an integral 
part of the cultural and101 ritual system (Sanday. 1986). 
In Wari funerals, the deceased were honored by their 
consumption, although they were occasionally in an advanced 
state of putrefaction (Conklin. 1995. 2001; Vi l i~a .  2000). The 
Wari also practiced exo-cannibalism associated with warfare, but 
for different reasons. Enemies' bodies were treated with less 
respect than animal carcasses. The Wari were careful not to 
waste the meat of animals and thus not offend their spirits. 
However, they abandoned and left behind large parts of their 
enemies' bodies, and made fun of them during the butcherv 
- 
and consumption processes. The ritual followed during the 
consumotion of their enemies. accordine to Conklin 12001). was 
based on the expression of hostilitv and contempt. The Wari 
consumed their relatives in funerary rites in a very different way. 
and they firmly denied that they felt any hostility or aggression 
toward the deceased. 
In fact. V i l i~a  (2000) claimed that the relationships between the 
consumers and consumed is one of predation in both exo- and 
endo-cannibalism. However, among the Eimin-Kuskumin (Papua 
New Guinea), the fact that cannibalism may occur in response to 
different causes means that there are different terms for each case 
(Sanday, 1986). Endo-cannibalism is understood as a part of the 
eeneral scheme of the control of bodv fluids from one eeneration to 
the next. In exo-cannibalism, the victims are enemies and provide 
. . 
ritually charged as it includes a great amalgam of social interests 
(Sanday, 1986). 
Archaeological cases in prehistoric Europe 
Cases of cannibalism in European prehistorv have increased 
quantitatively since Villa et al. (1986) published their description of 
the assemblage from Fontbr6eoua (France). The increase in the 
number of cases has been associated with methodological 
. 
improvements that have also led to the reappraisal of some 
assemblaees. such as those at Kraoina (Croatia) and Monte Circeo 
- .  . , 
(Italy), neither of which was found to yield any evidence of canni- 
balism (Trinkaus. 1985; Russell. 1987; White and Toth. 1991). the 
damage documented instead attributed to non-human agents. The 
Mousterian site of Engis 2 (Belgium) presents a similar case. The 
striations found on the skull of a juvenile hominin were interoreted 
as perimortem cut marks (Russell and LeMort. 1986) and reinter- 
preted as damage caused during the cleaning and restoration of the 
fossils, which ruled out any possibility that they were related to 
cannibalism or to preparation of the body in funerary rituals (White 
and Toth. 1989). 
However, cannibalism has been practiced by multiple hominin 
species since the Early Pleistocene (Fernindez-Jalvo et al.. 1996; 
Carbonell et al.. 2010). Anthropophagy among Neanderthals has 
been documented for the Moula-Guercy assemblage (France) 
(Dekleur et al.. 1999) and a t  Cueva del SidrCln (Spain) (Rosas et al.. 
2006). It has also been found among anatomically modern 
humans in the Upper Paleolithic (Andrews and Fernindez-Jalvo. 
2003). in the Mesolithic (Eoulestin. 1999). Neolithic (Villa et al.. 
1986; Eotella e t  al.. 1997, 2000; Eoulestin et al.. 2009). and in the 
Bronze Age (Jelinek. 1957; Ciceres et al.. 2007). 
Table 3 provides a summary of the characteristics observed in 
seven archaeological assemblages where cannibalism has been 
identified, and in a further two where the possibility has been 
noted. In the seven cases of identified cannibalism, the cut marks 
and the anthropogenic breakage of the remains are consistent 
Another case exhibiting certain peculiarities in the treatment of 
the skulls is Mirador Cave. The remains of six individuals were 
recovered from level MIR4, dated to the Bronze Age (Ciceres et al., 
2007). Taphonomic analysis revealed that the individuals had been 
dekleshed intensely and most specimens exhibited human tooth 
marks, evidence of boiling and intentional bone breakage. All of the 
skulls displayed a well-defined breakage pattern, with conchoidal 
scars around the entire perimeter of the skull tops and percussion 
marks on the temporal, parietal and occipital bones. These modi- 
fications suggest a clear functional objective to the processing of 
the bodies. However, the remains were clearly buried intentionally 
in a specific manner, with the skulls carefully arranged at the 
with the dismembering, defleshing evisceration of the bodies and bottom of a pit and the other fragments on top of them, although 
the extraction of the marrow from the bones. The distribution of the dates of some human bones and charcoal seem to indicate that 
the modifications is similar to that found in the animal bones in the remains were buried several centuries after they had been 
the assemblages whose cut marks were attributed to the butchery consumed, by an individual or individuals unrelated to the canni- 
process. Thus, at least in most cases, cannibalism can be attrib- balism event. A review of the fauna in the samelevel (Saladie. 2009) 
uted to a functional cause (nutritional/pleasure or famine). found that there were no fauna1 remains inside the pit and that 
However, at Fontbregoua and Cough's Cave, a possible ritual role some human remains were dispersed on other parts of the surface 
of the human skulls has been suggested (Villa et al.. 1986; and mixed with other archaeological material. Also, while the 
~ ~ 
Andrews and Fernindez-Jalvo. 2003; Eello et al.. 2011). At both humans had only been boiled, the remains of other fauna showed 
sites. relativelv whole human skulls have survived. desvite a large evidence of being both roasted and boiled. The faces of the indi- 
. . 
number of cut marks, which is inconsistent with the treatment of 
the fauna found in the assemblages. In addition, at Fontbregoua 
the human skulls are more severelv dekleshed than the domestic 
and wild animals from the assemblage. Villa et al. (1986) suggest 
they were kept as trophies, which in turn supports the theory that 
this is a case of exo-cannibalism. Special treatment of skulls has 
also been identified in deposit 9 at ;he Neolithic site of Herxheim 
iGermanv) iEoulestin et al.. 2009). The skulls were fractured to 
., , 
remove the brain, yet the skull tops were carefully conserved and 
gathered together in nests. The butchery process was otherwise 
similar to that used on other fauna, and the long bones were 
fractured intensely to extract the marrow. Eoulestin et al. (2009) 
viduals in MIR4 were severely fractured, which may have been 
a consequence of violence and warfare cannibalism, or might 
simply have resulted from intense processing of the bodies and 
skulls to remove the brains. 
At the sites that have been described, the minimum number of 
individuals varies between five and 13. Adult individuals predom- 
inate, however, some of the assemblages show distinctive age 
profiles. At Cueva del Mirador, only one of six individuals is a child. 
whereas at Moula Guercy adolescents and children outnumber the 
adults (Dekleur et al.. 1999). Despite the absence of older adult 
individuals, this age profile would be congruent with survival 
cannibalism (White. 1992; Kantner. 1999). in which old. young and 
propose several hypotheses to explain the cannibalism at Herx- weak individuals are expected to be found. In the other three cases. 
heim, the most satisfactorv of which vrovoses that this was a case the vrovortion of adults is generallv similar to that of sub-adults 
. . . . - 
of warfare cannibalism, whose events took place within ritual (Villa et al.. 1986; Eoulestin. 1999; Andrews and Fernindez-Jalvo. 
activities. 2003; Eoulestin et al.. 2009). 
Table 3 
Characteristics of the different carer of cannibalirm documented in European prehistory 
Site Period /Age MNI lndividualr age Butchering process Interpretation References 
Moula-Guercy Mourterian 6 2 adults Butchering process similar Nutritional or starvation Defleur et al., 1999 
100,000-120,000 BP 2 adolescents between homininr and animals. cannibalism. 
Mousterian 13 
43,129+/-129 cal BP 
dough's Cave Upper Paleolithic 5 
Grotte der Perratr Merolithic 
Fontbregoua Neolithic 
Herxheim Neolithic 
Cueva del Mirador Bronze age 
Erhkae-e Gavi Epi-Paleolithic? 4 
Castell di Guido Late Middle Pleirtocene 2 
2 infants 
4 adults Model consisting of the exploitation Nutritional or starvation Rorar et al., 2006, 2012: 
3 adults young of meat, marrow and brain. cannibalism. Lalueza-Fox et al., 2011 
3 adolescents 
2 juveniles 
l infant 
2 adults Butchering process similar Nutritional cannibalism / Andrews and 
2 adolescents between humans and animals. ritual oeament of the rkullr. Fern6ndezlalv0, 
l infant 2003: Bello et al., 2011 
5 adults Model consisting of the exploitation Functional cannibalism. Boulertin, 1999 
3 immature of meat, marrow and brain. 
3 adults Butchering process similar oio-cannibalism / nutritional Villa et al., 1986 
2 infants between humans and animals. cannibalism /ritual treatment 
1 of unknown age of the rkullr. 
6 adults Butchering process similar Possible warfare cannibalism Boulertin et al., 2009 
2 infants between humans and animals. in a ritual context. 
2 perinatal 
1 adult old Model consisting of the exploitation Nutritional cannibalism. ticerer et al., 2007 
5 adults of meat, marrow and brain. 
l infant 
2 adults Model consisting of the exploitation Porrible undetermined Scott and Marean, 2009 
2 juveniles of meat, marrow and brain. cannibalism. 
2 adults Porrible cut marks and bone breakage. Porrible but uncertain Mariani-Constantiniet al., 
anthro~lic use of bodies. 2001 
The case of Early Pleistocene level TD6 
Tke Gmn Dolina site 
The oldest evidence of the practice of cannibalism among 
hominins comes from level TD6 at the Gran Dolina site, a cave 
located in the railway trench in the Sierra de Atapuerca (Eurgos. 
Spain). Magnetic polarity has been used to date level TD6 to the 
Matuyama Chron (>780 ka) (Pares and Perez-Gonzilez. 1995. 
1999). Combined ESR and uranium series data yield an age of 
somewhere between 780 and 857 ka (Falgusres et al.. 1999). 
Thermo-luminescence and infrared stimulated luminescence data 
provide an age of 960 & 120 ka (TL) (Eerger et al.. 2008). Paleo- 
climatic and paleo-environmental studies indicate that in general. 
- 
level TD6 corresponds to a period with an inter-glacial climate and 
veeetation similar to Mediterranean oven woodlands with ereat 
potential for nutrients (Garcia-Ant6n. 1998; Cuenca-Eesc6s et al.. 
1999; Eurjachs. 2002; Rodriguez et al.. 2011). 
In 1994, hominin remains were found in this level and attrib- 
uted to Homo antecessor (Eermlidez de Castro et al.. 1997, 1999; 
Carbonell et al.. 1999). The remains exhibit numerous anthropo- 
genic modifications on their surfaces suggesting they had been 
processed and consumed by other hominins (Fernindez-Jalvo et al.. 
1996.1999). This would make the TD6 remains the earliest known 
examples of cannibalism among members of the genus Homo. 
Together with the hominin remains, a large number of fauna1 
remains and over 700 lithic artifacts made of chert, quartzite. 
sandstone, quartz and limestone have been recovered. The lithic 
assemblage is attributed to Technological Mode 1 (Carbonell et al.. 
1999). 
These hominins preyed on a wide range of species (herbivores. 
carnivores and H. antecessor) (Saladie et al.. 2011). Besides 
H. antecessor, species displaying anthropogenic modifications 
include Eucladocerosgiulii. Dama nestii vallonetensis. Cervus elaphus. 
- 
zooarchaeological and sedimentological evidence, this indicates 
that Gran Dolina was a residential site 1Eermlidez de Castro et al.. 
1999). All of the available data suggest that TD6 was occupied 
repeatedly, as the stratification of thelevel indicates (Eermlidei de 
Castro e t  al.. 2008: Carbonell et al.. 2010). Remains of H. antecessor 
with anthrobogenjc modifications have been found in all six layers. 
Methods 
We followed the analytical method developed by Saladie et al. 
(2011). However, this work also includes a brief description of 
various points that are of particular interest within the context of 
this study. To compare the age groups of chimpanzees. European 
prehistoric cannibalism and the TD6 assemblage (H. antecessor and 
Cervidae), we performed a correspondence analysis. We distin- 
guished three age groups: infants, juveniles and adults (see Saladie 
e t  al.. 2011 for the description of the age groups). 
~~ ~ 
The entire surface of all of the bones were macroscopically and 
microscopically examined (OPTHEC 12OHZ magnifications), and the 
location, segment, portion and face of all of the anthropogenic 
modifications (cut marks and bone breakages) were noted. 
We recognized three types of cut marks: slicing, scraping and 
chop marks (Shipman and Rose. 1983; Elumenschine et al.. 1996). 
Slicing marks occur when the tool is applied with force oarallel to 
. . 
the long axis of the tool's edge. Scraping marks occur when the 
edge is applied perpendicularly to the bone surface, generating 
multiple unidirectional striations. On many occasions, these are 
associated with periosteum removal, although they may also result 
from the removal of remains of flesh adhering to the bone 
(Dominguez-Rodrigo. 2002). Finally, chop marks are the product of 
the application of a dynamic force (percussion) using a tool with an 
edge ILvman. 2008). 
- . .  
Depending on their location, orientations and morphology, cut 
marks can be associated with oarticular butcherv activities. To 
make these associations. we  used the observations of Einford (1981. 
1984). White (1992). Fisher (1995). Nilssen (2000) and Pobiner et al. 
12008) and the observations of the IPHES team from their exoeri- 
ence in defleshing a chimpanzee using stone tools. The actualistic 
studies enabled i s  to determine distinctive signs of skinning. 
dismembering andlor disarticulation. defleshine. evisceration. 
periosteum removal and possible tendon removal. Whenever 
possible, we  noted the muscles, tendons or ligaments associated 
with the marks. 
We also recorded the presence/absence and locations of 
percussion pits, peeling, and adhered flakes on the surface of each 
of the remains, following the method of Elumenschine and 
Selvaggio (1988). 
Results 
The TD6 assemblage is made up of a broad range of taxa (see 
Table 4), as 16 different species have been identified (Eermlidez de 
Castro et al.. 1997; Garcia and Arsuaga, 1999, 2001; Made, 2001; 
Garcia. 2003). According to the NISP and MNI, the predominant 
group of remains corresponds to deer, followed by H. antecessor 
(Table 3). We compared the modifications found on the hominin 
remains with those on small and medium-sized Cervidae remains 
IDama nestii vallonetensis and C. elaphus cf. acoronatus), due to their 
abundance and because the adult body mass of small and medium- 
sized deer is similar to that of the hominins. 
TD6-2 contains manv remains that are not taxonomicallv 
identifiable, especially fragments of ribs and vertebrae. Therefore. 
to complete this assemblage we have chosen to include the remains 
of small and medium-sized animals that were taxonomically 
unidentified. 
To date. 164 H. antecessor remains have been recovered from 
TD6. Another two possible remains (ulna and tibia fragments) are 
reearded as doubtful. Elements have been recovered from everv 
part of the skeleton. Fragments of crania, maxilla, mandible and 
isolated teeth make up 32.3% of the assemblage and specimens 
from the axial skeleton (vertebrae, clavicles and ribs) are also 
abundant (32.3%). The phalanges of the hands and feet are well 
Table 4 
Tava identified in level 706-2 a t  Gran Dolina. 
Taxa NISP MNI Infant Sub-adult Adult Old 
Homo ontecerror 165 11 8 2 1 - 
Euclodoceror s u l i i  7 2  - 1 1 - 
Dumu nertii vollonetenrk 20 2 - 2 - - 
Celvus elophus cf. ocoronotur 293 4 - 1 2 1 
Cenridae indet. 271 2 2 - - - 
cf. Bkon voigstedtensk 119 4 - 1 2 1 
Eqlllls (Stenonian) 59 3 - 1 2 - 
stephonorhinur e m r c u s  45 2 1 1 - - 
s u s  rcrofo 1 1  - - 1 - 
Cercopithecidae 2 1  - - 1 - 
M~rnrnllthus $p. 1 1  1 - - - 
Conk morbochenrir 17 1 - 1 - - 
Vulper proeglociolk 7 1  - 1 - - 
Canidae indet. 1 - - - - - 
Onus dolinensir 9 1  - 1 - - 
CI'OCU~U C I O C U ~ U  3 1  - 1 - - 
Lynx rp. 4 1  - 1 - - 
represented (14.4%). Long bones are present but rare, however, H. antecessor butchering process 
of both arms and legs have beenfound. 
The assemblage of cervid remains amounts to 767 soecimens 
- 
from all parts of the skeleton. 54.7% (n = 420) are cranial remains. 
including many isolated teeth and antler fragments. 14.9% (n = 115) 
are parts of the trunk (ribs. vertebrae and OS coxae). 41.6% (n = 319) 
are limb bones comprising mainly bone shaft fragments, and 2.9% 
(n = 23) are phalanges. 
Eased on the evidence from the maxillae, mandibles and teeth. 
a minimum number of individuals (MNI) of 11 has been established 
forH antecessoriEermlidez de Castro et al.. 1997.2006.2008.2010: 
Carbonell et al.. 2005) (Table 4). Six were children, four of whom 
were younger than five years of age and two of whom were 
between five and nine years of age at the time of death, three were 
between 10 and 15 years of age, and two were young adults (see the 
age determining methods in Eermlidez de Castro et al.. 2006.2008. 
2010). The sizes of the mandibles have led to the further identifi- 
cation of two male individuals and one female (Carbonell et al.. 
2005; Eermlidez de Castro et al.. 2008). 
The MNE of the cervids is 160 and the MNI is eight: two infants. 
three juveniles, two prime adults and one elderly adult (Table 4). 
The method used to determine the age of death can be consulted in 
Saladie et al. (2011). 
- 
of cannibalism in European prehistory and among chimpanzees 
versus deer from TD6. The most discriminant variable in axis 1 
(eigenvalue = 75.1) is the frequency of infants in the sets. This 
variable clearly separates H. antecessor and chimpanzees from the 
other groups, indicating a clear relationship between the two sets 
of analyses. Axis 2 (eigenvalue = 24.9) creates two groups that 
seem closely associated and whose most discriminating factor is 
the presence of juvenile individuals in the assemblages. On the 
other hand, there is a clear horizontal distance between the cervid 
set and the H. antecessor set in TD6. 
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Figure 1. Multiple correspondence analysis of age distribution of the individuals from 
TD6~Horno ontecerror and TD6~cervid5, and other prehistoric European cannibalism 
arremblager including data from Erhhftbe Gavi and Cartell di Guido, which are 
possible but uncertain carer of cannibalism: data on human/homininr carer fmm Villa 
et al. (1986), Boulertin (1999), Defleur et al. (1999), MarianiGConrtantini et al. (2001), 
Andrews and FernindezJalvo (2003), Cdcerer et al. (2007), Boulertin et al. (2009), 
Scott and Marean (2009), and Lalueza~Fon et al. (2011). Data on chimpanzee cares from 
Suzuki(1971), Nirhida et al. (1979),Takahata(1985), Newton-Fisher ( l999),  Watts et al. 
(2002), Wilron et al. (2004), and Sherrow and Amrler (2007). We get an explanation 
from 100% taking into account the two dimensions (eigenvalue a i r  1 =75.1, e i g e n ~  
value a i r  2 = 24.9). 
Signs of anthropic activity have been seen on 41.0% (n = 67) of 
the H. antecessor remains. These activities are related to the pro- 
cessing of soft tissues (flesh, viscera, brains, and periosteum) and 
the breakage of the bones to reach the marrow. Eighteen of the 
- - 
remains exhibited evidence of both activities. 28.7%, representing 
all of the anatomical Darts recovered. exhibit cut marks related to 
all of the activities involved in meat processing (skinning. 
dismembering, dekleshing and evisceration)  able 5). Slicing maris 
were bv far the most abundant. followed bv scraoine marks and 
. 
chop marks. Anthropogenic breakage affected 20.9% of the 
assemblage (n = 35). 
Crania and mandibles Seven cranial fragments and two mandibles 
display cut marks from skinning and dekleshing. Evidence of skin- 
ning comprises longitudinal slicing marks found on a fragment of 
a frontal bone related to the removal of the scalp. Signs of 
. . 
dekleshing are present on more bones: a fragment of the pterion 
region has 11 loneitudinal incisions associated with cutting the 
musculus temporalis, and on a zygomatic fragment, seven incisions 
were left during the removal of the musculus masseter. 
Cut marks related to dekleshine are also found in the facial area. 
One of the maxillae displays incisions on part of the cheekbone, also 
associated with the removal of the musculus masseter. A second 
maxilla disolavs longitudinal and transversal incisions and scraoing 
. . - . - 
in the frontal alveolar zone made during the removal of the lips by 
cutting the musculus buccinator. 
A fragment of the asterion region has nine transversal incisions 
caused while cutting the musculus sternocleidomastoideus during 
the dismemberment of the skull. 
Anthropogenic breakage due to direct percussion on the cranial 
~ ~ 
skeleton has been identified on seven remains. Percussion pits on 
the malar bone near the orbit were documented in two cases, and 
such pits were found near the pterion zone in one case. 
~vidence of dekleshing has been found on two mandibles. A left 
hemi-mandible disolavs a single incision near the oblique line of 
. . - 
the mandibular body and a group of incisions on the ascending 
ramus. A second mandible displays an oblique incision on the 
ventral edge in the central part of the mandibular body. This 
mandible also displays evidence of percussion in the area below 
M,. Both cases are associated with cutting the musculus masseter. 
identified includes dismembering, dekleshing and bone breakage. 
- - - 
One of the clavicles also has incisions near the acromial 
extremity produced during the separation of the trunk from the 
upper limb. All of the clavicles in this group (n = 3) display trans- 
versal or oblique cut marks on the mid-shaft. All of the incisions 
were made when cutting the musculus pectoralis major. Peeling on 
the acromial extremity was probably caused during the disarticu- 
lation of the scapula. 
One of the scapulae exhibits incisions around the scapular neck 
consistent with disarticulation of the trunk and the upper limb. One 
sacrum has cut marks on the anterior face related to defleshing or 
evisceration. Marks around the edge of the acetabulum on one OS 
- 
coxa are evidence of separation of the trunk from the lower limb. 
Trunk An axis from an infant individual has three transverse inci- 
sions on the left lamina, produced during dismembering of the 
skull and the trunk. The skull was separated from the body at the 
second cervical vertebra. A thoracic vertebra exhibits four incisions 
on the caudal articular surface, consistent with disarticulation 
between the ribs and the vertebrae. Two vertebrae show slicing 
marks due to butchering of the musculus semisoinalis caoitis. 
Twelve ribs present cut marks, and evisceration and defleshing 
have also been documented on these pieces. Evidence of dekleshing 
Table 5 
Summary of the location, morphology and activiy fromwhich the cut markr documented onHomo ontecesror specimens were performed. 
Segment Element Location Cm-m Tirruerjarear affected (activiy) Finaliy 
Cranium Calotte~ Temporal and zygomatic S1 M. ~ternocle idoma~toide~r  Sk + Df 
Scalp 
Maxillae Below orbital bone sljsc M. marreter Df 
M. buccinator 
Mandible Below molars and ascending ramur S1 M. masseter Df 
Shoulder and Pelvic Girdles Clavicle Shaft and ends sljsc M. pectoralis major Df + Da 
Coracohumeral ligament 
Scapula Neck S1 Glenohumeral ligaments Dm 
Or coxae Edge of acetabular form S1 lliofemoral ligament Da 
Trunk Vertebrae Laminae, rpinour process and above articular facets S1 M. semi~pinal i~  capitir Df + Da 
M. Uapezius 
Thoracolumbar fascia 
Ribs Neck and shaft ventral and external rider S1 M. pectoralis major Df + Da + Ev 
M. Uansverms abdominir 
M. obliquus externus 
M. lati~simus dorri 
Visceral content 
Hind limb Humerus Medial and dirtal shaft anterior and posterior rider S1 Origin of m. triceps brachii medial Df 
Origin of m. brachialir 
Radius Dirtal shaft anterior and posterior rider SI/Sc/Ch M. flexor pollicir longur Df + Da+ Pr 
Ulna Medial and dirtal shaft posterior ride SI/Sc Insertion of m. flexor digitorum profundur Df + Pr 
Fore limb Femur Proximal, medial and dirtal shaft all rider sljsc Origin of m. vartur intermediur Df + PT 
Tibia Di~tal ride, anterior ride S1 Achilles tendon 
Fibula Proximal shaft lateral ride S1 Origin of m. peroneur longur Df 
Hands and foor Metapodial Medial shaft lateral ride and proximal end, S1 M. interossei palmarer and plantarer Df + Da 
anterior ride Tarsal ligaments 
Phalanges Proximal, medial and dirtal shaft anterior and S1 Tendons of the m. flexor digitorum Tr or df 
n,,m,r <:,,or 
The table identifier the murcler, origin, ligaments and tendons involved in the butcheringprocerr. (Cm-m = Cut mark morphology: S1 = Slicing markr: Sc = Scraping markr: 
Ch = Chop markr: Df = Deflerhing: Sk = Skinning: Dm = Dismembering: Da = Dirarticulation: Ev = Evirceration: Pr = Periorteum removal: Tr = Tendon removal). 
(n = 5) consists of cut marks on the external face in several parts of One ulna shaft fragment shows transverse incisions on its 
the diaohvsis. The characteristics of evisceration in = 9) are similar, central oortion from cutting the insertion of the musculus flexor 
. . 
although in this case the oblique or transversal cut marks are on the 
internal face of the ribs. In two cases, scraping marks provide 
evidence of evisceration. 
Peeling is common. Nine ribs and five vertebrae show signs of 
this techniaue. Peeline is seen on different oortions of the ribs and 
can occasionallv be associated with the disarticulation of the 
vertebrae. On the vertebrae, the marks are on the apophyses and 
articular surfaces. These could also have been oroduced during the 
consumption of these parts, by a combination of manual and oral 
force (Pickering and Wallis. 1997; Ciceres et al.. 2007; Saladie. 
2009), as they occasionally display modifications associated with 
tissue crushing and small depressions suggesting the anthropo- 
genic origin of the tooth marks (Saladie. 2009; Saladie et  al.. in 
prep.). 
Arms and legs Of the 13 bone fragments identified as belonging to 
arms and legs, nine have cut marks. Additionally, this group 
contains another two possible H. antecessor remains. Cut marks 
resulted mainly from defleshing, although periosteum removal has 
also been documented. 
Of the three humeri, one that includes the distal mid-shaft and 
the epiphysis has incisions on the posterior and lateral faces of the 
medial Dart of the shaft. These incisions were caused bv cutting the 
- 
origin of the musculus brachialis. 
Both of the H. antecessor radii recovered exhibit cut marks. In 
one of them, the shaft is almost whole. It has incisions on the 
medial portion of the cranial side and a chop mark on the distal 
portion of the posterior face, both produced by cutting the origin of 
the flexor pollicis longus. The second radius is represented by an 
almost-complete distal mid-shaft with scraping on the posterior 
face of the medial part of the shaft. The scraping presumably 
resulted from shaving the bone to deflesh it, not from its prepara- 
tion for breakage. 
- 
digitorum profundus. A second possible ulna shaft fragment shows 
scraping associated with percussion marks, apparently produced to 
oreoare the surface for breakage. 
. . - 
Four fragments of femur shafts have incisions. These are on 
different faces and at different heiehts. but all are related to cuttine 
the origin of the musculus vastus intermedius. One specimen also 
has scraping associated with a percussion mark, which would have 
facilitated bone breakage. 
Finally, a tibia fragment and another possible H antecessor tibia 
shaft display oblique incisions on their distal parts, caused by 
cutting the Achilles tendon for defleshing or to dismember the 
lower leg. 
Anthropogenic breakage was found on the two radii, the two 
ulna fragments, two femurs and a tibia. The two radii, which 
belonged to sub-adult individuals, display peeling in the distal part 
of the shaft. although the oeeline is more incioient in one of them. 
The remaining fragments exhibit percussion pits on the mid-shafts. 
There are adhered flakes on four of these fragments. 
Hands and feet Cut marks were found on three metapodials and 
four phalanges. One metapodial has oblique incisions over the 
entire surface of the diaphysis. The other two have marks on the 
proximal part of the medial face of the diaphysis. Two phalanges 
have incisions in the central part of the diaphysis, one on the 
palmar surface and the other on the dorsal side. The other two 
specimens have incisions near the eoiohvses. These cut marks are 
. .  . 
mainly transverse to the sagittal axis of the bone and cut the 
tendons of the flexor dieitorum musculus. Although we do not vet 
understand the reason for these marks, they were produced by 
cutting the tendons in the hands and feet. 
Anthropogenic breakage has been documented in two 
phalanges and a metacarpal. The other three remains display 
peeling at  one of their ends. One phalanx also exhibits percussion 
marks. The combination of the two modifications possibly resulted 
from dismembering the phalanges. 
Cervidae butchering process 
178 cervid remains 123.2%) exhibit cut marks in = 115: 14.9%) 
lateral face, near the mandibular condyle and in the mandibular 
notch, apparently produced during the separation of the mandible 
from the cranium. 
Anthropogenic breakage has also been found in two neuro- 
cranial fragments in the form of peeling. 
Shoulder and pelvic girdles Cuts have been documented on two 
scapulae and two OS coxae that coincide with marks typical of 
dekleshing and dismembering. One of the scapulae has a group of 
six oblique incisions located on the dorsal face of the scapular bodv. 
and101 anthropogenic breakage (n = 77,10.0%). Fourteen remains 
11.8%) disolav both kinds of damaee. The cut marks on cervid bones 
~ , . G  
are associated with all kinds of activities involved in the orocessing 
. 
of carcasses, as in the case of the H. antecessor remains. Slicing 
marks are the most common tvoe of modification (Table 61. 
The maiks were caused while filleting the musculus deltoid. Both 
OS coxae disolav cut marks on the ilium. incisions on the uooer face 
. . 
Crania and mandibles Among the cranial remains, ten specimens 
exhibit cut marks, of which three are on mandibles. The position 
. . . . 
in one case and scraping on the lower face in the other. The former 
- ~ 
occurred when cutting the beginning of the musculus iliacus and 
the latter aooears to have been caused during the removal of oieces and direction of the slicing marks on four cranial fragments 
- - 
(occipital, nasal, maxilla and mandible) relate them to the carcass 
skinnine orocess. Thev are arraneed obliauelv on the skull frae- 
. . - 
of meat. 
The transverse cuts on the neck of a scaoula are evidence of the U .  . 
ments, and were possibly generated during the separation of the 
skin from the bone. In the case of the occipital fragment, the inci- 
sions are longitudinal to the sagittal axis, which clearly indicates 
that they were made while skinning the animal and not during the 
dismembering of the skull from the trunk. In the case of the 
mandible, there are two incisions on the lower part of the ventral 
edge. 
disarticulation of the humerus. 
Peeling has been found on the edges of the fractures in three 
scapulae. These remains exhibit no other forms of modification. 
Trunk Cut marks were documented on 27 ribs and five vertebrae. 
This damage has been associated with dekleshing, evisceration and 
dismembering. 
The action of defleshing has left cut marks on the largest 
On one mandible, incisions on the ventral face of the ascending 
ramus in the area of the musculus styloglossus documents the 
removal of the tongue. This mandible and one other show signs of 
the disarticulation of the head. Both remains have incisions on the 
number of remains. On the ribs, the marks are found on different 
Darts of the diaohvsis: on the intercostal edge in one case, and on 
. . - 
external face in the other cases. These marks are always incisions. 
On the vertebrae, the incisions are found on the laminae and at the 
Table 6 
Summary of the location, morphology and activiy from which the cut marks documented on Cenridae specimens were performed. 
Segment Element Location Cm-m Tirruerjarear affected (activiy) Finaliy 
Cranium Calotte~ Occipital and parietalr S1 Insertion of m. remirpinalir capitir Sk 
Nasal and neurocranial boner 
Above molars 
Ascending ramur and notch, lateral ride 
Maxillae 
Mandible 
Shoulder and Pelvic girdles Scapula 
01 coxae 
Trunk Vertebrae 
Ribs 
M. buccinator 
M. temporalis 
M. ryloglorrur 
M. deltoid 
Glenohumeral ligaments 
Origin of m. gluteur minimur 
M. trapezius 
Thoraolumbar fascia 
M. pectoralis major 
M. transverms abdominir 
M. obliquus externus 
M. latirsimur dorri 
Visceral content 
M. brachialir 
M. deltoid 
Origin of m. triceps brachii medial 
Origin of m. abductor pollicir longur 
Origin of m. flexor pollicir longur 
M. extensor pollicir longur 
M. biceps crural 
M. gluteus maximus 
M. vastus intermedius 
M. Vastus lateralis 
M. vastus medialis 
M. triceps rurae 
M. tibiali~ anterior 
Achilles tendon 
Skin 
Skin 
Achilles tendon 
Tendon superficial flexor 
Tendon interior flexor 
Skin 
Skin 
Neck, and dorsal and ventral surfacer 
Inferior edge of ilium 
Laminae, rpinour process and above 
articular facets 
Neck and shaft ventral and external rider 
Hind limb Humerus Proximal, medial and dirtal shaft all rider 
Medial and dirtal shaft anterior, lateral and 
medial rider 
Medial shaft and dirtal end, posterior ride 
Proximal, medial and dirtal shaft all rider 
Ulna 
Femur Fore limb 
Tibia Proximal, medial and dirtal shaft all rider 
Hamate 
Seramoid 
Metapodial~ 
Lateral ride 
Lateral ride 
Proximal, medial and dirtal shaft all rider 
Phalanges Proximal, medial and dirtal shaft anterior 
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base of the neural apophysis, and were made during the removal of 
the musculus spinalis dorsi. 
Evisceration is evidenced by oblique and transversal incisions 
on the ventral face of the ribs. The cuts are usually on the proximal 
parts of the diaphysis. 
In just one case, a grouv ofincisions was foundon the neckofa rib. 
. . 
These were produced during the dismembering ofvertebrae and ribs. 
The ribs of these animals. like those of H. antecessor. are esoe- 
ciallv affected bv peeling in = 361, and this is also seen in five 
vertebrae. The of the on these bones is the same as 
in the case of the hominin remains. The fractures occurred when 
dismembering the bones and possibly during their consumption 
(Saladie. 2009). Finally, two ribs exhibit percussion pits. We do not 
know the causes of these blows, as we  have not been able to 
determine what exact part of the diaphysis they were applied to. 
However, it has been suggested that they may have occurred when 
the thorax was opened, after it had been emptied, bv blows to the 
sternum and surrounding areas. 
Hind and forelimbs The long bones of the limbs make up the set of 
remains most affected by cut marks (n = 64), generally oblique to 
the long axis of the bones. These marks are mainly consistent with 
dekleshing activities, although dismembering and periosteum 
removal have also been documented. 
In this sub-set. 21 humerus fragments exhibit cut marks, most of 
which are associated with the dekleshing of the fore limb. In these 
cases, the incisions are mainly found in the mid-shafts, and are 
related to cutting the musculus brachialis and musculus deltoid. 
Four remains exhibit cut marks around the olecranon. Their loca- 
tion leaves no doubt as to their association with the separation of 
the humerus from the radius/ulna. In one case, scraping is associ- 
ated with a percussion mark, suggesting it may have played a role 
in the preparation of the bone surface before it was fractured by 
percussion. 
Eight radii fragments have cut marks generated during 
dekleshing and four during the disarticulation of the bones. 
Dekleshing has been identified bv oblique incisions on the vroximal 
- 
and medial portions of the shafts. Therefore, most of the cuts are 
located at the orieins of the musculus abductor oollicis loneus and b 
the musculus flexor vollicis longus. 
In four cases, the ;ut marks are at the proximal and distal ends. 
Their location and direction (transverse and. in one case. loneitu- 
. 
dinal) has enabled us to associate these with the separation of the 
radius from the humerus in two cases, and the radius from the fore- 
feet in the other two. 
All of the cut marks found on the femora (n = 14) are related to 
dekleshine. associated with the removal of the musculus biceos U. 
crural, gluteus maximus and vastus intermedius, lateralis and 
medialis. All of these marks are oblique incisions, located on 
different parts of the shafts, on all faces. 
On the tibiae in = 161, like on the femora, the cut marks are 
found along the shafts. Only in one case are the incisions located 
transverselv on the distal metavhvsis. These are associated with 
. . 
cutting the Achilles tendon. The other cuts are related to the 
consumption of the meat on the bone and the cutting of the 
musculus tricevs surae and the tibialis anterior. 
Anthropogenic breakage of the long bones has been identified 
bv means of the oresence of oercussion oits in 19 remains. In all 
cases, the pits are located on the shafts. They are occasionally 
associated with the extraction of the cortex and the marrow, and 
adhered flakes. Three ulnae appear to exhibit peeling. In one case. 
this is located on the proximal part of the bone, which suggests that 
the fracture occurred during the separation of the radius/ulna and 
the humerus. In the other two cases, peeling occurs on the mid- 
shaft, leading us to believe the breakage was caused during the 
separation of the ulna from the radius. 
Feet Eight metapodials and two medial phalanges exhibit cut marks. 
and a sesamoid bone should also be added to this group. In all cases. 
the cut marks were made while skinning the carcasses. The incisions 
- 
are mainly oblique. On both the metapodials and the phalanges, the 
incisions are mainlv on the medial and distal oarts of the diaohvsis. . 
Four metapodials and a phalanx present percussion pits. 
Discussion 
Equifinality is an inevitable problem that arises when dealing 
with similar evidence caused by different actors. This extends to 
behavior such as cannibalism, as different types of cultural behavior 
may leave the same taphonomic signs. Studies in the last three 
decades vrovide a reasonablv distinctive vattern of modifications 
associated with cannibalism (e.g.. Turner 11,1983; Villa et al., 1986; 
White. 1992; Turner I1 and Turner, 1992, 1999; Eoulestin, 1999; 
Fernindez-Jalvo et al.. 1999; Eotella et al.. 2000; Hurlbut. 2000; 
Ciceres et al.. 2007; Saladie. 2009; Carbonell et al.. 2010). Once 
consumption sensu strict0 has been identified, the research focuses 
on establishing the type of cannibalism that took place and its 
causes. The three main types are mortuary, warfare and survival 
cannibalism (Kantner. 19991. Of these. onlv survival cannibalism 
. . 
does not necessarily involve any symbolic or emotional load. 
although it may include cultural prejudices (Rautman and Fenton. 
20051. In the other two cases among anatomicallv modern 
- 
humans, the emotional load is implicit in the act of consuming 
human flesh. as it is done either for the eood of the deceased and 
their families, or as an insult to a group's enemies. The different 
. . 
types of cannibalism may leave behind the same or similar taph- 
onomic evidence. but the context in which the remains are found 
may allow us to draw some distinctions between them. 
The taphonomic data from the assemblage of level TD6 
(Fernindez-Jalvo et al.. 1996. 1999; Rosell. 2001; Eermlidez de 
Castro et al.. 2006; Huguet. 2007; Saladie. 2009; Carbonell et al.. 
2010) indicate that th; remains resulted from nutritional canni- 
balism. Such cannibalism avvarentlv formed a Dart of the hominins' 
. . 
subsistence and cultural systems, as the events took place repeat- 
edly over a long period of dozens or possibly hundreds of years 
(Eermlidez de Castro et al.. 2008; Saladie. 2009; Carbonell et al.. 
2010). 
The assemblage from TD6 features the primary taphonomic 
characteristics that identify human cannibalism. One of the most 
often used forms of evidence to infer the existence of cannibalism is 
the similaritv between the tavhonomic marks on the remains of 
humans/hominins and those on the remains of other animals in the 
same assemblage (Turner 11. 1983; Villa et al.. 1986; White. 1992; 
Turner I1 andTurner, 1999). In the TD6 assemblage. all hominin and 
deer remains were processed and deposited in ihe  same way. Cut 
marks are found near the orieins and insertions of large muscle 
grouvs, and ligaments and tendons were cut. The neurocranial 
i on i s  of b o t h k  antecessor and Cervidae were skinned, and the 
vosition and characteristics of the skinning marks are similar in 
both cases. The skin was removed from ungulate metapodials and 
phalanges. These modifications can also be seen on H. antecessor 
remains, and although we can assume that the incisions cut 
- 
through tendons and ligaments, the purpose of the cuts is unclear. 
The siens of disarticulation. dismemberine. dekleshine and U. 
evisceration are greatlv homogenous between the two taxonomic 
. .
groups. The cut marks associated with disarticulation are located in 
zones with strong fibrous bands (ligaments and tendons). Deklesh- 
, 
ing has mainly left evidence on the shafts of the long bones, scap- 
ulae, OS coxae, mandibles and the dorsal face ofvertebrae and ribs. 
Anthrovoeenic bone breakage is analoeous in the remains of 
. 
fauna and hominins. It is common in both sub-sets and has been 
identified through damage resulting from hammerstone 
percussion and peeling. Percussion was used mostly on the long 
bones and, in the case of H. antecessor, on skulls as well. Peeling is 
common on bones from the trunk and was caused in both cases 
during bone breakage, dismembering and possibly consumption. 
This technique is effectively used on more fragile bones. 
The main difference in the wav in which hominin and cervid 
remains were processed lies in the treatment of the tongue and the 
brain. First. toneue removal has been identified in the remains of 
. 
deer but not of humans, and second. percussion marks seen on 
H. antecessor skulls suggest the remo;al of the brain, but such 
marks have not been identified on deer skulls. oossiblv because the 
. . 
remains recovered are scarce (n = 3). 
Another difference is that 40.1% of the hominin remains exhibit 
some kind of modification, whereas 23.2% of the cervid remains 
show signs of modifications. One interpretation could be that 
hominin bodies were treated differently than those of other 
animals. No significant differences can be found between the 
abundance of marks on the hominin remains from TD6 and the 
number of human-induced modifications at other orehistoric sites 
in Europe. At Fontbregoua. 46.4% of the human remains had cut 
marks (Villa et al.. 1986). at Cough's Cave 69.3% display some kind 
of anthropogenic modification (cut marks and bone breakage) 
(Andrews and Fernindez-Jalvo. 2003), at Moula Cuercy (Dekleur 
et al.. 1999) and Mirador Cave (Ciceres et al.. 2007). approxi- 
mately 50% of the human remains have cut marks. At all of these 
sites, the use of hominin flesh, marrow and brains is similar to the 
use documented in the TD6 remains. All of these sites feature 
numerous examples of anthrooogenic modifications, as manv or 
more than at T D ~ ,  which doesnot allow us to reach any kind of 
conclusion about the orocessine of the bodies. 
The archaeological cases that have been documented show that 
each of the assemblages has some characteristics in common with 
the other sites, although some are unique, desoite the exoansive 
- 
time range in which this behavior has been recorded. However, 
possible ritual traits have only been observed among anatomically 
modern humans, from the Uooer Paleolithic onwards, for examole 
. . 
at Cough's Cave (Andrews and Fernindez-Jalvo. 2003; Eello et al.. 
2011). Fontbregoua (Villa et al.. 1986). Herxheim (Eoulestin et al.. 
2009) and oossiblv Mirador Cave. In these cases, the cranial 
remajns show signsof possible ritual actions. The skulls at TD6 are 
badlv broken and scattered across the surface. and the orocessineof 
these parts seems no more or less intense than on other skeletal 
parts. 
In short, the evidence suggests that at TD6 all taxa received 
-- 
similar treatment. White (1992) argues that similar processing of 
the carcasses mav be inadeauate oroof of cannibalism if the context . . 
in which the hominin remains are found is not taken into account 
The distribution of the remains and the amount of mixing with 
other taxa and archaeoloeical material sueeest a clear functional 
character in both cases and, in White's words (1992: 3391, the 
objective is "nutritional benefit:' However, cannibalism 
nutrients bv definition and nutritional use does not necessarilv 
exclude the possibility of other motives for the capture and 
that anthropophagy can have many causes. The available ethno- 
graphic and ethno-historical data show that it occurs in structured 
societies with great social and religious complexity (Sanday, 1986). 
which was not the case for Early Pleistocene hunter-gatherer 
groups. In addition, both endo-cannibalism and exo-cannibalism 
may include expressions or objectives that are not archaeologi- 
cally recognizable. Archaeological remains cannot always provide 
answers to these auestions. as some forms of behavior mav not 
leave any material signals. The consumption of humans by other 
humans may connote different customs, origins and ends, generally 
depending on the relationship between the consumers and the 
consumed. This relationship may be between equals (no differ- 
ences between the consumed and the consumers) or it may be 
a predator-prey relationship (Vili~a. 2000; Fausto. 2007). In the 
latter case, the consumers do not recognize themselves as equal to 
the consumed, and therefore do not view the act as 'cannibalism'. 
According to Vi l i~a  (2000), the consumption of fellow beings 
becomes a form of oredation when differences are established 
between consumers and the consumed. In this case, the question 
that should be asked is how all of the ethnographic information we 
oossess can be extraoolated to Earlv Pleistocene erouos. whose 
. .  
ontology is completely unknown, above all, considering that we 
know i f  no use i f  symbolic expression during that time. ln the TD6 
record, no material evidence has been found that would allow us to 
infer any kind of ritual. However, the study of the characteristics of 
the assemblage allows us to draw inferences about economic 
strategies, with which hypotheses about the ecology of the site can 
be proposed. 
One possible explanation for the intergroup violence and 
cannibalism evidenced in the TD6 assemblage could be competi- 
tion between two groups for resources in the same area. Signs of 
interoersonal violence in Pleistocene contexts have been recoe- 
nized in Neanderthal remains at Saint Cesaire (France) (Zollikofer 
et al.. 2002) and Shanidar (Iraq) (Trinkaus and Zimmerman. 
1982). At TD6, no traumas have been identified that can be con- 
nected with the violence and death of the hominins, although this 
still seems to be the most satisfactorv interoretation for the 
assemblage. However, the age of the captured and cannibalized 
individuals does not correspond to cases of exo-cannibalism or 
intergroup human violence (Kantner, 1999). where the victims 
from other communities are usually adult males and sub-adult 
victims are less common (Hurlbut, 2000). At TD6, most of the 
cannibalized individuals were children at the time of death. This 
age profile has not been seen in other cases of prehistoric canni- 
balism documented in Europe (Villa et al.. 1986; Eoulestin. 1999; 
Dekleur et al.. 1999; Eotella et al.. 2000; Andrews and Fernindez- 
Jalvo. 2003; Rosas et al.. 2006; Ciceres et al.. 2007; Eoulestin 
et al.. 2009), making it the trait that seems most divergent from 
other known cases of cannibalism among humans and later Pleis- 
tocene hominins. It is also somewhat different from the age profile 
of the animals found in the deoosit. as manv of these were iuveniles 
. . 
that had reached or nearly reached their maximum size, meaning 
that hunting themwould have involved the same risk as capturing 
an adult animal. Fawns are very rare. The hominin and Cervidae age 
profiles possibly support the involvement of different strategies or 
obiectives in the acauisition of these taxa. and mav therefore 
suggest the reasons and101 causes of intergroup violence and 
cannibalism. 
The ages found among the hominins in the TD6 assemblage are 
more similar to those seen in cases of violence and cannibalism 
among chimpanzees than in other cases of Pleistocene hominins. 
The aggression between chimpanzee groups usually takes place 
during territorial boundary patrols, when the attacking group is 
larger than the attacked and therefore faces a lesser risk When 
females with infants move alone or in small groups, they become 
easier targets for these attacks (Sherrow and Amsler. 2007). In 
these cases, the aggressors are not injured, which means the attack 
has a low cost (Manson and Wrangham. 1991; Wrangham. 1999; 
Wilson and Wrangham. 2003). The ages represented in the 
H. antecessor group at TD6 suggest that the individuals that were 
captured involved the least risk for the predators, which implies 
a low-cost territory control strategy. 
These features explain the context in which the attacks occur, 
but not the benefits derived from them. Current evidence suggests 
that attacks are provoked by food defense and that the ultimate 
benefits of intergroup aggressions include an increased catchment 
~ ~ ~~ 
territory along with a larger pool of mates (and fertile females) and 
more abundant food resources. These attacks occur at the bound- 
aries of home areas where resources are plentiful (Mitani et al.. 
2010; Wilson et al.. 2012). One explanation for human canni- 
balism is famine (survival cannibalism) and, in fact, this hypothesis 
is backed by references from recent history (e.g.. Rautman and 
Fenton. 2005). However, chimpanzee behavior shows that inter- 
group attacks with lethal results (which include cases of canni- 
. . 
balism) commonly occur in times of abundant food resources. 
Therefore. the oossibilitv cannot be ruled out that cannibalism 
. . 
among hominins/humans also occurs in surplus contexts in 
response to a struggle for territory, and thus for food. Hominins 
would eliminate some individuals from other groups, and they 
would also frighten survivors away from a catchment area, just as 
chimpanzees appear to do with neighboring groups. 
If these ideas are correct, the imbalance of power and the range 
expansion hypotheses may be applicable to H. antecessor 
autecology. As observed in chimpanzee behavior, both hypotheses 
would explain the conditions and reasons for attacks among 
neighboring groups whose home range or catchment areas over- 
laooed. The high rate of infanticide documented could be exolained 
. . 
by the fact that targeting young animals would pose the least risk 
~ ~ 
for the aggressors. However, these hypotheses do not explain why 
the victims were consumed. In this respect, the only explanation 
remains nutritional benefit, inwhich the act of cannibalismwas an 
act of predation, as the form of capture, consumption and aban- 
donment of the remains suggests 
Summary and conclusions 
Actualistic analogies have been used successfully to explain 
archaeological assemblages for several decades. In the orecise case 
- - 
of cannibalism studies, they help to identify the act itself, and to 
develop theories about its causes and consequences. However, all 
things connected with human behavior, which is extremelv flexible 
- 
and variable, should be treated with great care. The cannibalism 
known historically and ethnographically generally took place 
among oroductive, structured and hierarchical societies, and 
usual6 involved highly complex symbolic loads. These societies 
usuallv oossess comolex mvths. in which cannibalism is included 
.. . . 
within their concept of the world and the people who make up 
~ ~ 
their societies and others. For this reason, cannibalism is generally 
aooroached within the framework of social. oolitical or religious 
. . - 
explanations. However, this complexity cannot be transferred 
directly to groups of Pleistocene foragers, for whom the practice of 
these customs may have been driven purely by ecological circum- 
stances, or by a combination of many reasons, although they are not 
easily inferable. 
Although increasing numbers of human remains with clear 
. . 
evidence of anthropogenic alterations and consumption have been 
found at orehistoric sites in Eurooe. this tvoe of record is still too 
. . . . 
scarce to be able to draw general conclusions. In the case of the TD6 
assemblage, the main information we possess is the following: first 
of all, different events of similar characteristics took olace succes- 
sively, and second, the processingof the remains was for nutritional 
purposes. Both inferences simply suggest the functional nature of 
the cannibalism at this site. Furthermore, we have seen that the 
hominins consumed were mostly immature individuals, which is 
clearlv an indication of the consumotion of the individuals 
involving the least risk in their capture. Aggression would have 
occurred in an attempt to protect the group's catchment territory. 
possibly from neighboring groups or from new groups in the same 
area. The attacked groups would probably have consisted of a few 
individuals, including children and adolescents, accompanied by 
females and101 males. Although inferences about the events 
leading up to the death of these individuals can be made, the 
cannibalism evidenced at the site can only be explained by the 
consumption of the bodies for nutritional reasons. 
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